We consider the model, which contains a nonminimal coupling of Dirac spinors to torsion. Due to the action for torsion that breaks parity the left -right asymmetry of the spinors appears. This construction is used in order to provide dynamical Electroweak symmetry breaking. Namely, we arrange all Standard Model fermions in the left -handed spinors. The additional technifermions are arranged in right -handed spinors. Due to the interaction with torsion the technifermions are condensed and, therefore, cause appearance of the gauge boson masses. In order to provide all fermions with masses we consider two possibilities. The first one is related to an additional coupling of a real massive scalar field to the considered spinors. The second possibility is to introduce the explicit mass term for the mentioned Dirac spinors composed of the Standard Model fermions and the technifermions.
Introduction
It is well -known that quantum gravity in the first order formalism with either Palatini action or Holst action leads to a four -fermion interaction between spinor fields coupled in a minimal way to torsion [1] . The given four -fermion interaction may lead to condensation of the fermions under certain conditions. A condensation of this kind has been considered in some cosmological models as a source of dark energy [2, 3, 4] .
In the present paper we suggest to consider torsion coupled in a nonminimal way to fermion fields [5, 6, 7, 8] as a source of Dynamical Electroweak symmetry breaking (DEWSB). The basic idea is to assume that Poincare quantum gravity has two different scales. The first one is related to metric field and the Riemannian connection compatible with metric. This scale is supposed to be somewhere around Planck mass and does not affect the low energy physics we deal with. The second scale is related to torsion degrees of freedom. This second scale is assumed to be one or two orders of magnitude over the TeV scale. That's why we expect torsion may play an important role in a new physics expected at the TeV scale.
Probably, the most popular scheme of DEWSB is related to the Technicolor (TC) theory [9, 10, 11, 12] . This theory contains an additional set of fermions that interact with each other via the Technicolor gauge bosons. This interaction is of the attraction nature and, therefore, in an analogy with the BCS superconductor theory may lead to formation of the condensate composed of fermions. This condensate, in turn, breaks Electroweak symmetry down to Electromagnetism. The effective Nambu -Jona -Lasinio model (NJL) of chiral symmetry breaking [13] in TC contains four fermion interactions similar to those obtained in the theory of torsion coupled to fermions. This prompts us that the latter can be used, in principle, instead of technicolor. It is worth mentioning that TC theory itself suffers from problems related to different mechanisms of fermion mass generation. Usually suggested Extended Technicolor (ETC) interactions [14, 15, 16, 17, 18, 19] do not pass precision Electroweak tests due to FCNC and contributions to Electroweak polarization operators. The so-called walking technicolor [20, 21, 22, 23] improves the situation but does not allow to generate t -quark mass in an appropriate way. Certain models in bosonic technicolor [24, 25] (that use the exchange by scalar particles instead of ETC gauge bosons) allow to generate fermion masses without the problems specific for ETC (see, for example, [26, 28, 29, 27, 30, 31, 32] ). But these models do not solve the Hierarchy problem as the mass terms for the techniscalars receive quadratically divergent contributions from loop corrections.
It is worth mentioning that the torsion field coupled in a minimal way to fermions cannot alone produce the correct DEWSB as it is coupled to all fermions in an equal way. Suppose that the additional fermions aimed to form a condensate are introduced. Then the condensation of these fields may occur only together with the condensation of the Standard Model (SM) fermions. In order to overcome this difficulty we consider fermion fields coupled in a nonminimal way to torsion. Then, if the low energy action for torsion breaks parity, the left -right asymmetry appears in the effective four -fermion interactions. That's why we arrange all SM fermions in the left -handed components of the Dirac spinors while the additional fermions (called technifermions in an analogy with TC) are arranged in right -handed components of the spinors.
Once the parity breaking is admitted in the torsion action, under natural assumptions this action has the form that leads to appearance of the considerable asymmetry between left-handed and right-handed fermions. Due to this asymmetry the four fermion interactions between the SM fermions are negligible compared to that of the technifermions. That's why the fourfermion interactions provide condensation of the technifermions while do not affect the dynamics of the SM particles. As a result the Electroweak symmetry is broken while the SM fermions remain massless. Some other physics is to be added now in order to provide the appearance of their masses.
The arrangement of SM fermions and the technifermions in the lefthanded and right -handed components of the Dirac spinors allows us to introduce either the mass term for those spinors or the interaction of the fermion bilinears with real scalar field. Both these terms may be considered as perturbations over the four -fermion interactions caused by torsion. We consider these two possibilities as a source of the transition between SM fermions and technifermions. In both cases it is demonstrated how the SM fermion mass terms appear.
The paper is organized as follows. In the 2-nd section we describe how the term in the torsion action that breaks parity leads to left -right asymmetry in the effective four fermion interactions. In the 3-rd section we introduce two spinors nonminimally coupled to torsion. The left -handed components of these spinors are used to arrange both left -handed and right -handed SM fermions while right -handed components of these spinors are used to arrange technifermions. We demonstrate how the resulting four -fermion action can be written in terms of 4 -component SM fermions and technifermions. In the 4 -th section we consider the whole set of the SM fermions and technifermions and describe how the resulting four -fermion interaction that has the form of the Extended NJL model works in order to provide condensation of technifermions. In section 5 we describe how the additional real scalar field coupled to fermions provides coupling of the SM fermions to Technifermion condensate. In section 6 the appearance of SM fermion masses due to an additional scalar field is described. In section 7 we consider how mass term for original spinors that contain SM fermions as their left -handed components leads to formation of SM fermion masses. In section 8 we end with the conclusions.
Left -right asymmetry due to torsion
The action of a massless Dirac spinor coupled nonminimally to torsion has the form [5, 6, 7] :
Here we assume that due to the gravitational action the inverse vierbein E a µ is close to δ a µ at the considered energies while usual Christoffel symbols vanish. Axial vector torsion is S i = ǫ ijkl T jkl while vector torsion is
jk is usual torsion; η andη are coupling constants. Below we assume for simplicity η =η = 1. (Actually, one can always rescale S and T in order to make η andη equal to 1.)
The most general quadratic in first derivatives (of E) action for vector and axial torsion (tensorial torsion is not considered) has the form:
With the aid of (3) torsion in (1) can be integrated out. The resulting effective action for the fermion field is:
Here left-and right-handed components of ψ are denoted by ψ − and ψ + respectively. We can see that if M + = M − the effective fermion action has the left-right asymmetry.
Condensation of composite Dirac field
Let us now consider a more complicated situation when two Dirac spinors ψ and φ are coupled to torsion. We consider the fermion action of the form:
Here φ c = iγ
. Below we use the following representation of γ matrices:
Integration over torsion leads to
Now let us compose new spinors
Then we come to the following expression for the effective action:
In this form the action both for ψ s and ψ t has the form of the action of Nambu -Jona -Lasinio effective model of chiral symmetry breaking. It is worth mentioning that the model with the action (7) is nonrenormalizable and should be considered as a finite cutoff model with the finite cutoff Λ χ . There exists the critical value of mass M C (that depends on the mentioned cutoff) such that at
At this point we suppose that M − >> M C > M + . Therefore, the field ψ t is condensed while the field ψ s is not. The value of <ψ t ψ t > is expected to be around −Λ 3 T while the dynamical mass of ψ t is about Λ T . Physically the parameter Λ T is hidden within the theory of dynamical torsion. The scale of this theory is expected to be around Λ χ . However, we do not see any indication that Λ T must be of the same order as Λ χ . Instead we expect Λ χ ∼ 10Λ T or Λ χ ∼ 100Λ T . This is in accordance with the next section, where it is shown that in leading approximation of the NJL model the critical value of mass is M C ∼ 0.1Λ χ .
Electroweak symmetry breaking due to torsion
Now we are in a position to describe how torsion may provide the Electroweak symmetry breaking of the Standard Model. Let us arrange all left -handed fermions and right -handed fermions of the Standard Model in the lefthanded parts of the Dirac spinors. Correspondingly, the additional fields are arranged within the right-handed parts of the given spinors. We call the mentioned additional fermion fields technifermions. The effective action of the model at energies much less than Λ T has the form:
Here indices a, b enumerate the mentioned Dirac spinors while the derivative D contains all Standard Model gauge fields. In a complete analogy with the previous section we obtain condensation of technifermions ψ t provided that M − > M C > M + . In the absence of the Standard Model (SM) gauge fields the SU(N ) L ⊗ SU(N ) R symmetry of (8) is broken down to SU(N ) V (here N is the total number of SM fermions). The SM interactions act as a perturbation. Action (8) (except for the term with M − ) has the form of the effective action for the SU(N g ) Farhi -Susskind model [33] (provided that there exist N g generations). That's why in an analogy with this technicolor model we expect Λ T to be at a TeV scale. At the same time usual fermions ψ s remain massless and some other physics should be added in order to provide appearance of their observed masses.
In order to make the connection with Technicolor model more explicit let us apply Fierz transformation to the four fermion term of (8) for technifermions:
In this form the action has exactly the form of the extended NJL model for QCD (see Eq. (4), Eq. (5), Eq. (6) of [13] ) (with negative G V , though), where the total number of technifermions plays the role of N c . So, we have
. Here Λ χ is the cutoff that is now the physical parameter of the model. Its value depends on the details of physics that provides the appearance of the four -fermion interactions. In our case Λ χ is to be calculated within the theory of dynamical torsion.
Next, the auxiliary fields M, L i , and R i are introduced and the new action has the form:
Integrating out fermion fields we arrive at the effective action for the mentioned auxiliary fields (and the source currents for fermion bilinears).
The resulting effective action receives its minimum at M = m t 1, where m t plays the role of the technifermion mass (equal for all technifermions). In leading approximation the condensate of ψ t is expressed through m t as follows:
Here Γ(n, x) = ∞ x dz z e −z z n . The gap equation reads:
It does not depend on G V . Obviously, there exists the critical value of G S : at G S > 1 the gap equation has the nonzero solution for m t while for G S < 1 it has not. This means that in this approximation the condensation of technifermions occurs at M + < 3 16π 2 Λ χ ∼ 0.1Λ χ . In the absence of SM interactions the relative orientation of the SM gauge group G W = SU(3)⊗SU(2)⊗U(1) and
However, when the SM interactions are turned on, the effective potential due to exchange by SM gauge bosons depends on this relative orientation. Minimum of the potential is achieved in the true vacuum state and defines the pattern of the breakdown of G W . This process is known as vacuum alignment (see, for example, [34, 35] ). The effective potential is [34] :
There is no sum over A here. θ In our case dynamical torsion plays the role of the technicolor interactions. That's why we need some suppositions about the dynamical torsion theory. In particular, if we require that this theory is renormalizable and asymptotic free (as it should in order to be self -consistent) and that two intermediate states dominate in the mentioned above correlator, we also have ∆ 2 > 0. Under this supposition in a way similar to that of [34] we come to the conclusion that G W is broken in a minimal way. This means that the subgroups of G W are not broken unless they should. The form of the condensate (11) requires that SU(2) and U(1) subgroups are broken. That's why in a complete analogy with SU(N T C ) Farhi -Susskind model Electroweak group in our case is broken correctly while SU(3) group remains unbroken.
Transition between the left-handed and the right -handed spinors due to the scalar field
Now let us again consider the model with two spinors ψ and φ and the following action:
Here we have introduced real scalar field H with the action
After integration over H and torsion we arrive at
After Fierz rearrangement we obtain:
Now if ψ t is condensed, ψ s acquires mass
Masses of Standard Model fermions
Now we are ready to describe how Standard Model fermion masses appear. Let us consider the fermion action in the form:
Here index a enumerates left-handed SM fermions while b enumerates right-handed SM fermions. η is hermitian matrix of couplings. Integrating out T , S, and H, we obtain:
Here we have introduced the usual SM Dirac fermions ψ Let us now suppose that due to torsion technifermions are condensed. Vacuum alignment due to SM interactions was discussed in Section 4. Now the vacuum alignment should take into account mass term of (19) as well. Namely, this term also plays the role of perturbation that influences the alignment of vacuum. Rather obvious, however, that if η is diagonal in SU(2) and SU(3) indices and does not depend on color, then the perturbation of this type does not destroy the correct picture of Electroweak symmetry breaking. Then the usual condensate appears:
After Fierzing we obtain the mass matrix for the SM fermions:
7 Mass term for ψ and φ
In this section we consider another possibility to give masses to the SM fermions. Namely, let us consider action (19) with the additional mass terms for spinors ψ and φ:
Here m 0 is the constant of the dimension of mass while η is the hermitian matrix of couplings. As in the previous section we imply here that η is diagonal in SU(2) and SU(3) indices and does not depend on color. Taken in such form the mass term of (23) considered as a perturbation does not destroy the correct vacuum alignment. Integrating over torsion we obtain:
Next, we neglect the terms with M − and SM gauge fields that are to be considered as perturbations. We also introduce the auxiliary fields as in ENJL approach:
Integration over technifermions leads to appearance of the effective potential for M that has its minimum at M = m t 1. So, M = m t 1 + H, where vacuum value of H is zero. Thus we get:
R µ . Now our supposition is that m t >> m 0 . We neglect fluctuations of H, L, and R around their zero vacuum values and arrive at:
As a result the mass term for ψ s appears with the mass matrix
It is worth mentioning that in order to consider the mass terms for ψ and φ as perturbations we need ηm 0 << 100 Gev. This means that the consideration of the present section is valid only for SM particles with masses less than 10 Gev. Thus, the t -quark mass generation needs an additional consideration.
Conclusions
In the present paper we suggest the possibility that dynamical torsion (with the scale one or two order of magnitude larger than the TeV scale ) coupled nonminimally to fermions can provide DEWSB. In order to construct the appropriate model we allow the parity breaking term to appear in torsion action. As a result, left -right asymmetry appears in the effective fourfermion interactions. We arrange all SM fermions in left -handed components of the Dirac spinors while right -handed components are reserved for technifermions. Due to the mentioned asymmetry the four -fermion terms that contain SM fermions are neglibible compared to the four -fermion term that contains technifermions. The latter term has the form of the action for Extended NJL model. This allows us to conclude that under the given assumptions about the torsion action the technifermions are condensed and cause the appearance of W and Z -boson masses. In order to provide the correct vacuum alignment we also made some assumptions about the dynamical torsion theory similar to the assumptions about the technicolor interactions made in [34] .
In order to provide appearance of masses for the SM fermions we consider two possibilities. The first possibility is to couple fermions to the real scalar field. Due to ejection of the scalar particle SM fermion may be transformed to technifermion. It is implied that the scalar mass is well above Λ T (the scale of the technifermion condensation). As a result the SM fermions are coupled to technifermion condensate and acquire masses. (The similar mechanism is used in the so-called bosonic technicolor.) The second possibility is to add directly the mass term for the Dirac spinors that contain SM fermions as their left-handed components. This term is considered as a perturbation over the four -fermion interactions caused by torsion. We demonstrate that in leading approximation of the ENJL model appeared due to torsion the mass term for the SM fermions appears. Probably, the most attractive feature of the given constructions is that the transitions between SM fermions and technifermions are provided while dangerous FCNC do not appear. However, in the first case the ejection of a massive scalar is accompanied by usual Hierarchy problem as the correspondent mass receives quadratically divergent contributions from loop corrections. In the second case (the explicit mass term for the Dirac fermions) the Hierarchy problem does not appear.
There is the important question about the scale of torsion mass parameters and the mass parameter entering (23) that gives rise to SM mass matrix. Actually, if one assumes that quantum gravity theory enters the game at the energies of the order of Planck mass m p , such mass parameters might be generated dynamically and, therefore, receive values at a m p scale. Therefore in order to make the considerations of the present paper self -consistent we must suppose that there exists a mechanism within the m p scale theory that forbids dynamical generation of torsion mass as well as m 0 from (23) . Actually, we may suppose that there is no quantum theory of Riemannian geometry at all. Then the dynamical torsion theory may be thought of as a gauge theory of Lorentz group that is defined in Minkowsky space [36] . This theory may have a scale slightly above 1 TeV. In this approach there is no problem with the scale m p at all. As for the classical gravity, it may appear, for example, as an entropic force [38] .
It is worth mentioning that the FCNC are absent in our approach. Therefore, the main difficulty of ETC models is avoided. However, the technifermions contribute to the Electroweak polarization operators and the consideration of these contributions is necessary in order to understand is our approach realistic or not. However, we consider this issue to be out of the scope of the present paper.
The main difficulty of our approach is, of course, that the Extended NJL model that appears after the integration over torsion is not renormalizable and is to be considered as a finite cutoff model. The results depend on the cutoff Λ χ , that is, therefore, a physical parameter of the theory. This parameter is hidden within the theory of dynamical torsion and is expected to be one or two order of magnitude larger than the scale Λ T . So, we expect Λ χ ∼ 10 TeV or Λ χ ∼ 100 TeV. At the same time the parameters of the effective low energy action for torsion must be |M This work was partly supported by RFBR grants 09-02-00338, 08-02-00661, by Grant for leading scientific schools 6260.2010.2.
